Abstract -Cp-bonded alkyl substituents may change the structural and chemical features of group 4 bent metallocene complexes considerably. Increased solubility appears to make in situ generated (MeCp)2Zr(H)C1 an improved hydrozirconation reagent. The use of methylcyclopentadienyl ring systems allows the detection of the dynamic behaviour of the doubly acetylide bridged [(MeCp)2Zr-C=C-Phl-dimer.
INTRODUCTION
The chemical properties of the group 4 bent metallocene complexes CpzMLn (M = Ti, Zr, Hf) can be controlled over a wide range by attaching alkyl substituents at the q-cyclopentadienyl rings. Bis(pentamethylcyc1openta-dieny1)zirconium and -hafnium complexes are well known examples (ref. 1). However, introducing only one alkyl substituent per cyclogentadienyl ligand is often sufficient to induce some interesting novel features. Using methylor tert-butylcyclopentadienyl systems may lead to reduced aggregation and enhance the solubility of e.g. zirconocene-derived reagents. The q-CaH4-R ligands being of lower symmetry than their q-CsHs or q-CaMea counterparts provide suitable NMR probes to detect hitherto unknown rearrangements. Bulky tert-alkyl Cp-substituents are stereochemically active, influencing the conformation of the bent metallocene unit. Additional stereochemical information is provided by using chiral substituents. In this paper several examples of zirconocene complexes bearing methyl-, tert-butyl-or (1-phenylethy1)cyclopentadienyl ligands will be presented. Each case will serve to demonstrate a particular RCp-substituent effect, influencing the reactivity, dynamic behaviour, structural, or stereochemical features of these bis(cyclopentadieny1)zirconium complexes.
A N IMPROVED HYDROZIRCONATION REAGENT
The hydrozirconation reagent [Cp?: Zr (H)ClIx has found many interesting applications in organic synthesis (ref. 2) . It is readily available by reacting zirconocene dichloride with e.g. LiAlH4. In contrast, the reaction of bis(methylcyclopentadieny1)zirconium dichloride 2 with metal hydrides preferrentially yields the dimeric metallocene dihydrTde 2 (ref. 3 ) . We have observed that a 1:2 mixture of 2 and a can conveniently be used for hydrozirconation as well. Reaction of this mixture with 1-hexene cleanly produces 5 (rxn. in toluene, 97% isolated yield). Similarly, treatment of the -2/3 (2:l) mixture with acetophenone produced only (MeCp)z Zr (0CHMePh)Cl ( 6 ) .
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The (MeCp)rZr(H)Cl hydrozirconation reagent generated in situ is more reactive than the commonly used oligomeric [Cp2Zr(H)Cllx (1). In competition experiments employing excess 1-hexene or acetophenone, respectively, the hydrozirconation products containing the (MeCp12Zr-unit are formed both ca. 6-7 times faster. A hydrohafnation reagent "(MeCp)2Hf(H)Cl" can analogously be generated in situ by mixing [(MeCp)2Hf(H)2]2 (7) and bis(methylcyc1openta-dienyllhafnium dichloride ( 8 ) (1:2) in tetrahydrofuran. Upon addition of 1-hexene, (MeCp)2Hf(Cl) (1-hexyl) is formed cleanly.
BINUCLEAR ALKYNYL-BRIDGED ZIRCONOCENE COMPLEXES
The dinuclear bis(titanocene) complex 2 was obtained from the reaction of The doubly acetylide bridged binuclear zirconocene complex 11 is obtained whose structure ( Fig. 1) is quite different from that of the bis-titanocene complex The bulky Cg-substituents are arranged trans to each other in the lateral sectors of the bent metallocene unit (see Fig. 2 ) .
C9'
, --\ ~s-Cis-q4-butadiene~bis~tert-butylcyclopentadienyl)zirconium =-cis exhibits 4 different 13C NMR signals of the butadiene ligand and 8 methine carbon resonances due to the two inequivalent (MerC-Cp) ring systems at low temperature (<-8OoC). This indicates a chiral molecular structure of =-cis in solution. The (MerCCp)-Zr rotation is "frozen" on the NMR time scale. Increasing the temperature first results in observing the (RCp)-M rotation then the usual butadiene metallocene topomerization ("ring-flip") (ref. 9 ) to occur. The apparent molecular symmetry as suggested from the appearance of the dynamic variable temperature NMR spectra is changed accordingly from CI through CS (13C: 2 butadiene, 4 RCp methine carbon signals) to CzV (13C: 2 RCpCH-resonances). In the presence of only one tert-butyl substituted Cp-ring one can determine which intramolecular interaction is responsible for the relatively high qcyclopentadienyl-metal rotational barrier in these butadiene metallocene complexes. Upon freezing the "ring-flip'' in (s-cis-butadiene) Zr (Cp) (tertbutylCp) 16 one observes two diastereomers j @ and 16b in a 12:88 ratio by NMR spectroscopy at low temperature. According to NMR NOE measurements the scis-butadiene ligand in the major isomer (m) opens itself towards the unsubstituted Cp ligand. Only this isomer shows hindered (RCp)-M rotation. Thus, it appears that unfavourable steric interaction between the bulky Cpbonded tert-butyl group and the substituents at carbon centers C(2)/C(3) of the conjugated diene ligand contributes significantly to the enhanced (RCp)-M rotational activation barrier in these systems. We have tested whether the chiral molecular geometry of the bis(tertalkylcyclopentadieny1)zirconium dihalides could be utilized for stereospecific catalytic olef in carbon-carbon coupling. The (Me3CCp)~ZrClz/alumoxane catalyst system turned out to be sufficiently active for propene polymerization. However, even at low temperature (-60°C) it produced only atactic polypropylene (Fig. 3 ) (meso/racem. = 1:lO) and (-AIMe-O-)n (Zr:Al = 1:1200) in toluene at -6OOC was used for the stereospecific polymerization of propene. The stereochemical analysis of the stereoregular polypropylene obtained was carried out by 13C NMR spectroscopy (resolution of the methyl region at the pentad level, see Fig. 3 ) with the usual statistical treatment (refs. 13a, 16) . From these spectroscopic results it is suggested that a polymer is formed at this 1722 G. ERKER specific catalyst containing ca. 40% of "ordinary" isotactic polypropylene (enantiomorphic-site control, a T: 0.95; average length of only m diad containing portions <m>a,a T: 20, ratio of the Me-pentads mmmr:mmrr:mrrm = 2:2:1). The residual material appears to have the characteristics of an isotactic block polymer (Bernoullian: a = 0.8; < r n > a ,~ T: 5, mmmr:mmrm = l), similar to the polypropylene obtained by CpzTiPhz/alumoxane catalysts at low temperature (ref. 13a).
The two different types of isotactic polymers could in principle originate from the meso and racem. portions of the catalyst. However, it is well conceivable that the chiral 19-racem. derived catalyst may have produced a stereoregular block polymer containing both isotactic types, formed by a kind of double diastereoselective control (i.e. by chain end and enantiomorphic site). Additional experiments will be carried out to test the validity of this interpretation.
